This report is a summary of work done in Voyageurs National Park (hereafter called "the park") by the U.S. Geological Survey in cooperation with the National Park Service. It includes a description of the sampling discussion of analytical results, and discussions of a monitoring/sampling program. A computer listing of data collected during the study accompanies this report. Water samples were analyzed for the common cations and anions, physical properties, nutrients, and phytoplankton. Bottom material was collected at each site and analyzed for organic carbon and nutrients. The following is a list of the chemical constituents, physical characteristics and biological components determined from the samplings: Dissolved oxygen was near 100-percent saturation at all sites in August. In March, dissolved oxygen saturation ranged from 62 to 99 percent. The lowest dissolved oxygen concentration in March was 8.6 mg/L (milligrams per liter). This concentration is not extremely low, but it indicates that some oxygen depletion had occurred under an ice cover.
Dissolved phosphorus ranged from 0.00 to 0.02 mg/L, and total phosphorus ranged from 0.00 to 0.06 mg/L. The Meadwood Bay, Gappas Landing, and Black Bay sites had higher total phosphorus levels (0.02 to 0.06 mg/L), whereas the Brule Narrows, Harrison Narrows, and Kettle Falls sites had lower levels (0.00 to 0.03 mg/L).
The March sampling showed that nitrite plus nitrate concentrations ranged from 0.11 to 0.43 mg/L. Concentrations were lower in August, typically 0.01 mg/L, except at one site in Black Bay, which increased between the March and August samplings. Generally, more of the nitrogen was in the organic form, as shown by the Kjeldahl nitrogen measurements. The proportion of Kjeldahl nitrogen in the dissolved versus the suspended state was different between sites and may be associated with varying levels of biological activity, variable inputs from the watersheds, or other reasons.
Analyses of bottom material gave some indication of differences between areas. Some sites had soft bottom material that was easily sampled, whereas others, particularly Brule Narrows and Gappas Landing, had rock or very firm sand bottoms. Samples could not be obtained at Gappas Landing in March and at Brule Narrows in August because of the hard bottom. Concentrations of organic carbon, nitrogen, and phosphorus were variable between areas and between the paired sites at each area.
Phytoplankton respond to water-quality changes and therefore can be used as indicators of water quality and of changing conditions. Considerable variations in cell counts occurred between the six areas, which may indicate differences in available nutrients. However, phytoplankton populations naturally fluctuate rapidly, often weekly. More meaningful data could be obtained by making comparisons between samples collected at the same time of year, preferably during a period of maximum growth More than 80 percent of the phytoplankton samples were dominated by blue-green algae. Although these algae are not necessarily indicators of high nutrient enrichment, they often thrive under such conditions. Oscillatoria were common and may be significant because they belong to a common genus indicative of early stages of eutrophication. Excessive growth of blue-green algae can cause nuisance conditions. Therefore, continued monitoring of phytoplankton is advisable to detect changes in cell counts, species composition, and diversity, particularly trends toward increasing amounts of blue-green algae.
ANTICIPATED WATER-QUALITY CHANGES
Accelerated nutrient enrichment is the most likely change expected to result from development of the park facilities. The enrichment would be reflected in increased concentrations of nitrogen, phosphorus, and organic carbon. Phytoplankton and benthic invertebrate populationss,species composition, and diversity may also change in response to the enrichment. Because the water is dilute, small additions of dissolved material, particularly nutrients, are likely to result in large changes in algal production.
Bacterial contamination may become a problem. Therefore, sampling for bacteria could be begun when visitor use increases to determine whether contamination by fecal coliform is a problem near developed areas. Bacteria sampling would probably be necessary only during peak-use periods.
SUGGESTED MONITORING PROGRAM
Any well-designed water-quality study must start with clearly defined objectives. In this study, the problems are mostly potential. Accelerated enrichment has been mentioned as a potential problem. Other problems, such as contamination by coliform bacteria and by trace metals such as mercury, may exist or emerge as the park is developed.
Because nutrient enrichment could be detrimental to water quality in the park, future sampling would sensibly be focused primarily on nutrient enrichment initially and expanded or modified to include other problems when needed.
There is an apparent need for the Park Service to monitor the lakes for changes in water quality. Monitoring of nutrient enrichment requires selection of characteristics to be monitored and selection of proper frequency and timing of sampling. The timing of sampling is important because nutrients are affected by uptake and utilization by shoreline vegetation and algae and accumulation and release from bottom sediments. Because the main problem is expected to be excessive algal growth, it is important to consider the nutrients that are available for algal growth. The best time to sample for available nutrients would probably be shortly after the spring thaw and subsequent lake overturn. During that time, the available nutrients would probably be at maximum concentrations. Sampling over a period of years during the spring overturn may reveal long-term trends of increasing concentrations of available nutrients.
In addition to sampling for nutrient concentrations, it may be advisable to sample for effects of nutrient enrichment. Because phytoplankton respond to enrichment, determination of phytoplankton populations, species composition, and diversity can reveal changes over a period of time.
Benthic invertebrates also respond to changes in lake environment. Sampling for benthic invertebrates will determine whether that community is changing in numbers, species composition, and diversity.
The original sampling sites are probably adequate to detect local changes caused by development. Control sites could be located in mid-lake and in areas that are well mixed by wind. On Kabatogoma Lake, one control site may be sufficient for both Gappas Landing and Meadwood Bay.
The following is a possible monitoring program: Chemical and phytoplankton sampling to begin at the time of spring overturn. Temperature and dissolved oxygen profiles to be obtained at each site. Profiles will provide valuable information and, in combination with Secchi disc readings, will permit decisions for better phytoplankton sampling. The sampling to be repeated in August, when algal growth, particularly blue-green algae, would be expected to be highest. Benthic invertebrates also to be sampled in August. Finally, a November sampling for chemical constituents and phytoplankton would determine water quality at the time of autumn overturn. A water-quality reconnaissance in the Voyageurs National Park during 1977 reveals that (1) some differences in water quality exist between the six areas sampled, (2) the water in the areas is dilute and likely to be impacted by addition of dissolved material, (3) seasonal variation occurs in many of the constituents, requiring systematic sampling to allow comparability over a period of years, (4) phytoplankton populations are variable with site and were commonly dominated by blue-green algae, and (5) nutrient enrichment is a potential problem.
Evaluation of the data can be used as a basis for developing a monitoring program to assess anticipated changes. The proposed program rests on the hypothesis that the most likely impact of development of. the park facilities would be nutrient enrichment, resulting in changes in the phytoplankton and benthic communities. The proposed analytical schedule and frequency of sampling is expected to provide the data to assess the expected impact adequately. HONAlfc". TO T*0(2) S1GNIHIANT >IGURLS
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